Introduction: The association between vacuum extraction and intracranial hemor-
| INTRODUC TI ON
Intracranial hemorrhage (ICH) is a rare but potentially life-threatening complication among term newborns, associated with increased risk of long-term neurological disability. 1, 2 Depending on the population studied and the types of bleeds, reported incidence of symptomatic ICH varies from approximately 3-4/10 000 to 10-25/10 000 newborns, [3] [4] [5] [6] with the highest incidence after sequential use of instruments when the first method has failed.
Several factors are associated with ICH in term infants, for instance coagulative disorders, [7] [8] [9] hypoxic-ischemic events 1, 8, 10, 11 and birth trauma. [12] [13] [14] A commonly cited study on the association between mode of delivery and ICH among term infants was published by Towner et al in 1999. 6 They found that, irrespective of method, the risk of ICH increased after all operative deliveries, except for elective cesarean section (CS). The authors concluded that complicated labor, rather than the method for operative delivery, caused ICH, an interpretation that has been supported by others. 4, 15 However, these studies were all limited by lack of information about the indications for operative delivery. Taking indication into account, an excess risk for ICH after vacuum extraction (VE) has been demonstrated. 3, 16 In particular, case reports suggest that difficult and protracted extractions may cause ICH, [17] [18] [19] although this has not been confirmed in larger studies.
The maximum duration, number of pulls or detachments allowed to safely deliver the infant are not known and guidelines rely mainly on clinical experience. Previous recommendations were a maximum of 3 pulls. In recent years this policy has changed to reduce maternal perineal injuries and more updated recommendations are a maximum of 3 pulls for the descent to the pelvic floor and 3 additional pulls for the outlet phase. 20, 21 Furthermore, it is recommended that the extraction is completed within 15-20 min 22 and that the vacuum attempt is abandoned if > 2 cup detachments occur. 20 These recommendations are consistent with Swedish guidelines.
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As registry-based studies can only provide limited information on underlying conditions and clinical performance, which are important to understand the association between VE and ICH, we performed a case-control study based on medical records. In particular, we investigated the impact of non-adherence to recommendations for VE on the risk for neonatal ICH. Consequently, the aim of this study was to investigate the impact of protracted extractions including > 15 min duration, > 6 pulls or > 2 cup detachments, on the risk for neonatal ICH in term newborns.
| MATERIAL AND ME THODS
This was a nationwide case-control study. 
Key message
We found a strong association between protracted vacuum extraction and neonatal intracranial hemorrhage, suggesting that management and characteristics of the extraction impact on the risk for intracranial hemorrhage. Moreover, data on complications, condition at birth and infant characteristics, were collected, as was CS following failed VE and shoulder dystocia. Apgar score at 5 min was categorized as < 7 or ≥ 7. Umbilical artery acidosis was defined as pH ≤ 7.05 and/or base excess ≥ −12.
Gestational age was categorized into 37-38, 39-40, 41-43 weeks.
Infant birthweight, recorded in grams was categorized into 5 groups:
< 3000 g, 3001-3500 g, 3501-4000 g, 4001-4500 g, ≥ 4500 g. All ICD-10 codes for neonatal diagnoses noted in the neonatal record were collected, as was information on neonatal mortality (0-27 days).
| Statistical analyses
Chi-squared test with an α-level set to 0.05 was used to test differences in proportions between categories. To study the association between protracted extraction and ICH, we used conditional logistic regression analysis by Cox regression. First, crude odds ratios (ORs) with 95% confidence intervals (95% CIs) were estimated. Thereafter, possible confounders (maternal height, parity, induction of labor, maternal fever, indication for VE, station before VE and birthweight) were added to the model and adjusted
ORs were estimated. All variables in the multivariable model were entered as categories as presented in Table 1 . Statistical description and analyses were performed using the SPSS version 22.0 for Windows.
| Ethical approval
The study was approved by the Regional Ethics Committee in Stockholm (reference number 2013/1922-31/4).
| RE SULTS
A total of 654 infants were included in the final study population: Characteristics of the study population are shown in Table 1 . A short maternal stature (≤ 160 cm) and a primiparous mother were 
more common among cases. Labors were induced among 28% of the cases, compared with 18% of the controls. A duration of the second stage of labor exceeding 2 hours was more common among cases but the difference was small in the use of oxytocin for labor augmentation (not in table) . Signs of fetal distress as an indication for VE were more common among cases, as were a combination of factors including both signs of fetal distress and prolonged labor. A higher proportion of the extractions were midpelvic among cases and outlet extractions were more frequent among controls. Among cases, almost half were exposed to fundal pressure, compared with one-fourth among controls. Furthermore, shoulder dystocia occurred in almost 14% of the cases and in 1% of the controls. The extraction failed and was followed by CS in 7.2% of the cases and in 4.9% of the controls. For 7 cases and 1 control, the CS was preceded by a protracted VE attempt, and for another 2 cases born by CS after failed VE, documentation on duration and number of pulls was missing.
Differences in characteristics of the extractions between cases
and controls are shown in Figures 2-4 . A higher proportion of the cases were born after an extraction exceeding 15 min (33% vs 5% among controls). More than 6 pulls were used in 25% of the cases, and in 4% among controls. One or two cup detachments occurred among 30% of cases, compared with 14% among controls. More than 2 cup detachments were rare in both groups. We further investigated the infants' condition at birth and neonatal mortality (Table 3) , and presence of coagulative disorders. Apgar score < 7 at 5 min was more common among cases, Two of the deceased cases had their birth complicated by shoulder dystocia and 3 had been exposed to a protracted extraction.
| D ISCUSS I ON
In this large nationwide case-control study, we demonstrate a strong association between protracted extractions and ICH. The extraction exceeded 15 min in 33% of the cases, compared with 5% of controls.
More than six pulls were used in 25% of the cases and in 4% of the controls. Compared with extractions adhering to safety recommendations, the odds for ICH were 9-fold (OR 8.91, 95% CI 5. 22-15.20) among infants exposed to a protracted extraction. The excess risk remained even after adjusting for a number of possible confounders, suggesting that characteristics of the extraction have impact on the risk for ICH.
To our knowledge, this is the first case-control study specifically investigating the impact of how VE was executed on the risk for ICH in the newborn. One previous Canadian case-control study investigated general risk factors for ICH among term infants.
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Instrumental vaginal delivery was identified as an important risk factor for subdural and subarachnoid hemorrhages. However, in their study all instrumental deliveries were performed using forceps. A more recent cohort study, 24 including 515 VE-assisted deliveries at term, investigated the associations between duration, number of pulls and detachments, and neonatal complications. In the univariable analysis, there was an association between vacuum duration and head trauma but in the multivariable analysis, all associations lost statistical significance, although cohort studies of this size may not be efficient for investigating rare outcomes such as ICH. Still, the authors concluded that the characteristics of the extractions were not related to head injury and, rather, that the neonatal complications were associated with complicated labor, which was similar to the conclusion drawn by Towner et al. 6 Our data are partly in agreement with these studies in that we recognize more complicated pregnancies and labors in the group of cases. For instance, labors were more often induced and the durations of the second stage were longer among cases. However, in contrast to these previous studies, the strong association between protracted extraction and ICH found in our study indicates that the extraction itself has an impact on the risk for ICH. Such interpretation is further supported by the fact that the excess risk remained after adjusting for possible confounders, including hemorrhages. [25] [26] [27] Given the low rates of serious head injuries after VE, we consider VE to be safe when practiced in accordance with the recommendations. 20, 21 However, we find it plausible that protracted extractions and heavy traction forces may result in ICH, as suggested above.
Perinatal hypoxia is a possible confounding factor associated both with the need for VE and with ICH. Our study also had several limitations. Even though the delivery records gave access to rich information, we still lacked important aspects, such as the urgency to deliver, traction force and technique.
We did not have access to the complete neonatal records and were unable to assess the exact type of hemorrhage for 56 cases with a diagnostic code for non-specified ICH. Moreover, neuroradiological studies have shown that small ICHs are common findings of magnetic resonance imaging, even in asymptomatic infants born at term, and even in the absence of any instrumental delivery. 29 Hence, minor asymptomatic ICHs in the control group cannot be excluded.
It is also possible that neonatologists may have been more prone to examine, and thereby detect, symptoms in infants exposed to protracted extraction. Furthermore, there was a large proportion of missing values for some variables, due to incomplete records.
Unfortunately, information was missing also for the exposure to protracted extraction for 10% of the cases and 14% of the controls.
For most variables the proportion of missing values was equal between cases and controls.
Moreover, the diagnostic procedure for suspected ICH was not standardized and there have been changes in the diagnostic 
| CON CLUS ION
There is much evidence that VE is an important method to shorten the second stage of labor and the rates of neonatal complications after VE are generally low. An easy extraction, though, can never be guaranteed beforehand and some extractions turn out to be more difficult than expected. The strong association between protracted extraction and ICH found in this study suggests that adherence to safety recommendations may prevent ICH in some infants delivered by VE. However, the majority of the time when ICH occurs in association with VE, the extraction is not protracted.
Safe limits for vacuum duration and number of pulls are still unknown and clearly ICH may occur even when performed in accordance with guidelines. Until more knowledge is gained, perhaps the most important advice to practitioners is to consider abandoning a vacuum attempt that has, in their judgment, become "difficult", to thereby possibly avoid injury. Both in light of the findings from our current study as well as the yet unanswered questions, when procedural limitations recommended for VE have been surpassed, we suggest that imaging of the neonatal brain should be performed based upon more liberal indications than those used today and should include asymptomatic infants.
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